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Discretization effects and gauge independence for the electric and
magnetic screening masses∗
Attilio Cucchieri and Frithjof Karscha
aFakulta¨t fu¨r Physik, Universita¨t Bielefeld, D-33615 Bielefeld, GERMANY
We evaluate the electric and magnetic screening masses from the long-distance behavior of the (temporal and
spatial) gluon correlation functions, for pure SU(2) gauge theory at finite temperature. In order to investigate
the gauge dependence of the screening masses we consider seven different gauges. We also evaluate these masses
using different definitions of the lattice gluon field, corresponding to discretization errors of different orders.
1. INTRODUCTION
The electric and magnetic screening masses can
be obtained from the exponential decay of finite-
temperature gluon correlation functions at large
separations [1,2]. It is important to stress that,
even though the gluon propagator is a gauge
dependent quantity, the (pole) masses obtained
from it are — within a wide class of gauges —
gauge invariant to arbitrary order in perturbation
theory [3].
Here we present a preliminary study of the
gluon propagator at finite temperature, using dif-
ferent definitions of the lattice gluon field, and
considering several different gauges, in order to
check for discretization effects and gauge inde-
pendence [2] of the screening masses.
2. LATTICE SETUP
We consider a standard Wilson action for
SU(2) lattice gauge theory in 4 dimensions, with
periodic boundary conditions. (Details of nota-
tion and numerical simulations will be given in
[4].) We evaluate the lattice gluon propagators
Dµµ(z) ≡
1
3V NT
∑
x3, b
〈Qbµ(x3 + z)Q
b
µ(x3) 〉 .
Here V ≡ N1N2N3,
Qbµ(x3) ≡
∑
x0,x⊥
Abµ(x0,x⊥,x3) ,
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Abµ(x) ≡ Tr
[
Aµ(x)σ
b
]
/2, and σb is a Pauli ma-
trix. The lattice gauge field Aµ(x) will be defined
in Section 2.2 below.
From the exponential decay at large separation
of the (temporal and spatial) gluon correlation
functions we can obtain the electric and magnetic
screening masses [1,2]:
D00(z) ∼ exp (−Mez)
Dii(z) ≡ D11(z) +D22(z) ∼ exp (−Mmz) .
As mentioned before, these screening masses are
expected to be gauge invariant [3].
2.1. Gauge Fixing
We consider the “so-called” λ-gauge condition
[5], i.e. we look for a local minimum of the func-
tional
EλU [g] ≡ −
∑
x,µ
Tr
[
λµg(x)Uµ(x)g
†(x+ eµ)
]
, (1)
where λ0 = λ and λi = 1 for i = 1, 2, 3. We have
performed simulations with λ = 2, 1, 0.5, 0.1, 0.01
and 0. The case λ = 1 is the Landau gauge,
whereas λ = 0 is the Coulomb gauge. In the last
case we also impose the condition
Qb0(x0) ≡
∑
x⊥,x3
Ab0(x0,x⊥,x3) = Q
b
0 ,
which is automatically satisfyed for any λ 6= 0.
Finally, we consider the standard Maximally
Abelian gauge. In this case we fix the resid-
ual U(1)-gauge symmetry by imposing a U(1)-
Landau gauge condition [6].
22.2. Discretization Effects
The gauge field is usually defined as
A(1)µ (x) ≡
[
Uµ(x) − U
†
µ(x)
]
/ (2 i) ,
where Uµ(x) ∈ SU(2) are link variables. We can
also consider other definitions of Aµ(x), leading
to discretization errors of different orders. For
example, we can write [7,8]
A(2)µ (x) ≡
{
[Uµ(x)]
2 −
[
U †µ(x)
]2 }
/ (4 i)
A(3)µ (x) ≡
{
[Uµ(x)]
4
−
[
U †µ(x)
]4 }
/ (8 i) .
If we set Uµ(x) ≡ exp[iag0 ~σ · ~A(x)] , we obtain
that A
(1)
µ (x), A
(2)
µ (x) and A
(3)
µ (x) are equal to
ag0 ~σ · ~A(x) plus terms of order a
3 g30 . We can
also consider [8]
A(4)µ (x) ≡
[
4A(1)µ (x) − A
(2)
µ (x)
]
/ 3
A(5)µ (x) ≡
[
16A(1)µ (x) − A
(3)
µ (x)
]
/ 15
A(6)µ (x) ≡
[
4A(2)µ (x) − A
(3)
µ (x)
]
/ 3
A(7)µ (x)≡
[
64A(1)µ (x)− 20A
(2)
µ (x) +A
(3)
µ (x)
]
/45 .
It is easy to check that A
(4)
µ (x), A
(5)
µ (x) and
A
(6)
µ (x) are equal to ag0 ~σ · ~A(x) plus terms of
order a5 g50 , and that A
(7)
µ (x) = ag0 ~σ · ~A(x)
plus terms of order a7 g70 . Finally, by writing
Uµ(x) ≡ U
0
µ(x)1⊥+ i ~σ · ~Uµ(x), one can define the
“perfect” gluon field [6,9]
A(p)bµ (x) ≡
U bµ(x)
‖~Uµ(x)‖
arctan
(
‖~Uµ(x)‖
U0µ(x)
)
,
which is equal to ag0 ~σ · ~A(x) with no discretiza-
tion errors.
Let us notice that the minimizing condition de-
fined in Eq. (1) implies
4∑
µ=1
λµ
[
Abµ(x) − A
b
µ(x− eµ)
]
= O(a2g20) .
3. SIMULATIONS AND RESULTS
We have evaluated the gluon propagators
D
(n)
ii (z) and D
(n)
00 (z), using the eight different def-
initions of the gluon field A
(n)
µ (x) given in the
previous section, for the seven gauges consid-
ered here, with two different sets of parameters:
(s1) NT = 4,V = 12
2x24,β = 2.512, and (s2)
NT = 8,V = 16
2x32,β = 2.74. (In both cases
T ≈ 2Tc.) We note that we have generated differ-
ent sets of configurations for each different gauge,
while, in a given gauge, the different lattice dis-
cretizations of the gluon propagators have been
evaluated using the same set of configurations.
We have found that, in all gauges, the eight
gluon correlation functions D(n)(z) are equal
modulo a constant factor, both in the electric and
in the magnetic sector. 1 (In Fig. 1 we plot, as
an example, the data for the magnetic case in
Landau gauge.) This result clearly implies that
the screening masses are independent of the dis-
cretization of the gluon field.
Since the different lattice discretizations of the
gluon propagator differ only by a constant fac-
tor, we can consider any of them [for example
D(1)(z)] in order to compare the results obtained
in different gauges. We then find that, in the
magnetic sector, the gluon correlation functions
D(z) corresponding to different gauges are equal
modulo a constant factor (see Fig. 2, top figure).
This clearly implies that the magnetic mass ob-
tained in this way is gauge independent, at
least within the seven gauges considered here. On
the contrary, in the electric sector, the propaga-
tors corresponding to the gauges λ = 0.01 and
0, are not proportional to the propagators ob-
tained in the other gauges (see Fig. 2, middle fig-
ure, symbols ∗ and×). Moreover, the discrepancy
between the Coulomb gauge propagator and the
propagators in the λ-gauges does not decrease as
one gets closer to the continuum limit (see Fig.
2, bottom figure). However, the strong variation
seen in the propagator for the case λ = 0.01 (see
Fig. 2, middle and bottom figures) makes us ex-
pect that the “gauge dependence” seen for this
small λ-value, as well as for λ = 0, may be related
1A similar result has also been obtained at zero temper-
ature [7,8]. Actually, for λ = 0.01 and 0, we have found
that the propagator D
(3)
00 (z) is not proportional to the
other seven propagators D
(n)
00 (z). However, this discrep-
ancy seems to decrease — as expected — if one gets closer
to the continuum limit, i.e. going from the s1 to the s2
simulation [4].
3to our gauge-fixing procedure, rather than indi-
cating a gauge dependence of the electric mass.
In fact, we observe that the gauge-fixing proce-
dure does not always bring the U0(x) fields close
to unity, which is needed to ensure a meaning-
ful definition of the A0(x) field in terms of the
compact gauge-field variables. We are currently
investigating this issue in more detail [4].
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Figure 1. Data for the eight different discretiza-
tions of the gluon propagator Dii(zT ) in Landau
gauge with simulation parameters s2. The prop-
agators are normalized to 1 at zT = 0. Error bars
are one standard deviation.
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Figure 2. Data for the D(1) gluon propaga-
tor in the seven different gauges considered here:
Dii(zT ) in Landau gauge with simulation pa-
rameters s1 (top figure); D00(zT ) in Coulomb
gauge with simulation parameters s1 (center fig-
ure), and with simulation parameters s2 (bottom
figure). The propagators are normalized to 1 at
zT = 0. Error bars are one standard deviation.
